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The near equality between the measured value for |V«i!,|/|Vf/,| and its unitarity triangle lower bound from sin 2/3 measurements suggests 
that a ~ 90° and sin 7 ~ cos j3 =0.91 and a large direct CP violation in B decays would be possible. In this talk, I would like to discuss 
a recent analysis of the non resonant and resonant CP asymmetry for the decays k^k^K^ and B^ K^K^K^ where the CP 

asymmetry at the XcO resonance comes from the interference of the non resonant amplitude with the resonant amplitude XcO^^ 
Tt^Tt^K^ and 6* XcO^^ ^ K^K^K^. Using the the Babar and Belle measurements of the B XcQ^ branching ratios, 
we predict that partial width asymmetry at the XcO resonance could reach 10% for the B — > K^Tt^K^ decay and 16% for the B^ — > 
K+K-K-deca.y. 



1 Introduction 

In three-body charmless B decays, e.g B Knn, apart 
from the non resoant CP asymmetry there is also the partial 
width CP asymmetries produced by the interference be- 
tween the non resonant and resonant amplitudes, both of 
them could be tree amplitudes. Previous studies [[DEI 13 
show that in B n^n^n^ decays, a large partial width 
CP asymmetry at the XcO resonance could arise from the 
interference of the non resonant amplitude with the reso- 
nant amplitude coming from the decays B^ ^ XcQ'^~ ~* 
XcO Tt^Tt^ , but no firm prediction for the asymme- 
try could be given as there is no theoretical prediction for 
the B XcO'^^ decay rate. A similar analysis can now 
be made for the CP asymmetries in the B n^n^K^ 
and B — > K^K K decays using the recent Belle[|4l and 
Babar[ 5| measurements of the B XcoK^ branching 
ratios: BR(B- XcoK') = (6.0^2.1) ^ IQ-* BR(B- 
XcqK') = (2.4 ±0.7) X lO""* for Belle and Babar respec- 
tively. The non resonant branching ratios reported by 
Belle[6| are: BR(B- ^ K+K-R-) = (58.5±7.1 ±8.8) x 
10-*^ BR(B- K+K-K-) = (37.0±3.9±4.4) x 10"^. 
In this talk, I would like to discuss a recent work[ 7 1 on the 
non resonant CP asymmetries and the partial CP asyme- 
tries at the XcO reosnance in these decays. 



where Oi,02 are the tree-level operators and 6)3 — Og are 
the penguin operators. As usual with the factorization 
model we use in our analysis, the hadronic marix elements 
are obtained from the effective Hamiltonian in Eq.Q with 
c, replaced by a,- where c, are next-to-leading Wilson co- 
efficients. Since 03 and as are one order of magnitude 
smaller than 04 and og, the contributions from 03 and O5 
can be safely neglected. For Nc — 3, = 5GeV, we use 
[IHHni : fli = 1.05 , fl2 = 0.07 , fl4 = -0.043 -0.016/, 
ag = —0.054 — 0.016/. Before writing down the decay 
amplitudes, I would like to discuss the current determi- 
nation of the CKM parameters and show that the unitar- 
ity triangle lower bound for |Vi,i|/|Vti| obtained from the 
Babar and Belle measurements of sin2j3 and the mea- 
sured value for |V„i,|/|Vfi,| already tells us that a w 90° and 
sin7« cosjS = 0.91 . The CKM parameters in Eq.Q are 
the flavor-changing charged current couplings of the weak 
gauge boson with the quarks as given by the Cabibbo- 
Kobayashi-Maskawa (CKM) unitary quark mixing matrix 
relates the the weak interaction eigenstate d\s' ,h' of the 
charge Q — —1/3 quarks to their mass eigenstate d^s^h [ 
El: 



'd'\ (Vud V„s Yuh 

= Vcs V,b 



V, 



td 




(2) 



2 The CKM matrix 

The effective weak Hamiltonian for the nonleptonic 
Cabibbo-suppressed B meson decays is given bvrl8ll9l [T0l 

jreff=^[y„iy:,(ci(9i„-^202„) + V,/.K*v(ci(9i, + C2C'2,)] 
10 

- L ( + y,,y^* + V,bV;A)Oi] + h.c. (1) 

1=3 



The unitarity relation 

v„,/y„;+y„/y4+y„/y,; = o 

can be written as 



(3) 



(4) 



and is represented by the [db) unitarity triangle shown 
in Fig.l. y„fo = |y„fe|e-''', Vu, = |y„/|e-'^ and Ri, - 

\yudv:bWcdy:,\ and/?, = \yunWccKb\ [ 121 
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As can be seen from Fig.l, 

Rh sin a = sin j3 , Rt sin a = sin 7 (5) 
Hence the following lower limits for Ri, and /?, : 

^fa>sinj3, Rt>s\ny (6) 
This gives: 

\VudV:t\ >|V„/y,;|sin/3 

\VM >\VM^my (7) 

The current measured value of sin2j3 givesF fTsl 



experimental errors, the average value for |V„^| suggests 
that Rh R:! sin j3 . This implies 



sina«l, 7?, «cosj3 



(12) 



This is supported by a recent analysis [ '121 which gives: 
sin2a = 0.05 ±0.31 , = 0.404 ± 0.023 , R, = 0.927 ± 
0.061 which indeed shows that a~n/2 and Ry w sin j3 . If 
a is known, Eq.(|5jl can be used to extract Rf, and Rt. We 
find 



Rb = sinj3 + (cosa/sina)^), 
Rj = siny^/ll + (cos a/ sin a)^) 



(13) 



sin2j3 =0.734 ±0.06 
from which we obtain two solutions for sin /3 : 



sinjS = { 



0.40 ±0.04 
0.91 ±0.02 



(8) 



(9) 



On the other hand, \V„i,\ = (4.11 ± 0.25 ± 0.78) x 10"^ 
from LEP and CLEO inclusive data which is above the 
value (3.25 ± 0.32 ± 0.64) x 10"^ from the CLEO exclu- 
sive data[ ,1 IJ . With the average value \Vi,h\ — (3.60 ± 
0.70) X 10^^ from the inclusive and exclusive measure- 
mentsr nn . we find 



7?;, = (0.379 ±0.07) 



(10) 



which is consistent with the lower limit of sinjS = 0.40 ± 
0.04. This also excludes the solution sinj3 = 0.91. Con- 
versely, from the measured value for \ Vcb\, a lower limit for 
\Vi,h\ from sinjS is then 



|y„f,| = (3.8±0.6)xlO- 



(11) 



Note that the inclusive data is consistent with the lower 
bound for |y„f,| from sin2j3 measurement while the exclu- 
sive data is slighly below the lower bound. Thus to within 



This provides a good determination of |Vj,f,| and \Vtd\ in 
terms of sinjS and sin 7, respectively, since (cosa)^ is of 
the order a few percent. With a = 90°, sin 7 = cosjS = 
0.91 ± 0.02, R, = 0.91 ± 0.02. Thus Rt is also rather well 
known, for example, the current determination of Rt from 
AMrf [[ni gives \VtdV,l\ = 0.0079 ± 0.0015,/?, = 0.86 ± 
0.25 which is consistent with the above value for Rt from 
sin2j3 measurements. Since sin 7 is close to 1, we expect 
large direct CP violation in B decays. We now discuss the 
CP asymmetry in B decays to 3 pseudo-scalar mesons. 



B 

cays 



Tt^Tt K and B 



K+K K de- 



Consider now the B n+n^K^ and B K+K 
decays. The non resonant amplitude is mainly given by 
the Oi, O4, Of, matrix elements and is dominated by the 
penguin operators as in Z? ^ Kn decays , because of the 
large CKM factors relative to the tree amplitude (Fig. 2). 
With 



0\ = {su)L{ub)L, O4 = Y^{sq)L{qb)L 
0(, = -2Y^{sLqR){qRbL) 



(14) 




In the factorization model, the matrix elements of 0\, O4, 
Figure 1. The (db) Unitarity Triangle Qe can be computed in terms of the B ^ ;/r;rZ V form factors 
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given as: 



<7t {pi)7t+{p2)\{ub)v-A\B {pb)>I^ 

^ir{pB- Pi- Pi)ti + iw+ {p2+Pi)^i 
+iw- {p2~p\)fi-2h e^afirPsPiPl ■ (15) 
The B* pole terms in the form factors w+ and w_ are ob- 





Figure 3. Non resonant and resonant B Kltn decay 



In the high di-pion invariant mass region, for example at 
the mass, the two pions in an 5-wave 0++ can also 
be produced from the decay B XcoK^ followed by the 
decay XcO K^K^ ■ This wiU interfere with the non res- 
onant amplitude and produce a CP asymmetry at the Xm 
mass. The large B XcoK^ branching ratio measured by 
Belle and Babar provides a possibility to look for CP viola- 
tion in B ^ Knn decays. This large BR also indicates that 
nonfactorizable terms are present in B decays [ 16 1. The 
resonant amplitude is then 



Ji{B- 



*XmK - 
XcoK-)- 



1 



'XcO 



tained using the Hybrid model (HQET with the full propa- 
gators for the heavy meson pole terms) [ [141 1 151 

f 3/2 1/2 / 2 2 ,\ 



2/1/2 /1/2 2m 



2 {2t + s — — — 2m\) , 



Using the Belle measured B XcoK^ branching ratio[ 
|4J, we computed the differential decay rates and CP asym- 
metries for the two-pion and two-kaon system in the XcO 
mass region shown in Figs.l and Figs. 2 (taken from the 
published work[ JJ). For the integrated branching ratios 
we obtain: 

BR{B K'7t'^7t')„r = T + P + Iicosy+l2smy. (20) 



„ 3/2 1/2 ,2 2 ,\ 
\- S fB*miJ, nig ^ {nig ~ nil -t) ^ 

w_ [s,t) — — — 2 — ^ ;n \ 



/1/2 mj^^ 



Ml 



We thus have in the factorization model : 



<Oi>nr=<^ {pi)n+{pi)K {p2)\0l\B{pB)>„r 



= -[fyny + -h{ml-ml-s)W\ 



-/3 {s + 2f - - 2m{ - ml)w"I] 



< O4 >nr is almost the same as < Oi >nr. < Of, >nr is 
given by 



< Oe >nr=< K {p3)n+{pi)n {p2)\06\B{pb) >„,■ 

= -(- 
n 

Ml 



/•^Nn/l/2 2 nr , /1/2/ 2,2 \ n 

= -( — )2— — mgr +——{mg + m^-s)w^ 
niB fs 13 



/3 



'-{s + 2t -m%- 2m\ - mj)w"^] . 



(17) 



Thus < Oe >nr= {2^/mB) < Oi to a good approx- 
imation. The non resonant B — > K^n^n^ amplitude is 
then 



- V',/,y,t.(fl4 < Oa >nr + fl6 < >n 



(18) 



with r = 7.0 X 10 



-6 



7.5 X 10"^ h = -4.3 X 10"^ 
/2 = - 1 .5 X 10"^ For sin 7= 0.9, cos 7= 0.4, g = 0.23, we 
obtain a branching ratio BR{B K^K^)„r — 5.1 x 

10^^ for the non resonant B K^n^n^ decay. The 
effective DD*K coupling g used here is smaller than the 
soft-pion value of 0.57 because of off-shell effects, g and 
other parameters ai and a2 are chosen to fit the B ^ n and 
B p form factors. The above BR is consistent with the 
experimental upper limits for the non resonant BR. Simi- 
larly, 



(16) BR(B" ^ = r + P + /icos7+/2sin7. (21) 




1.48 11.52 11.56 11.B 11.64 g11.68 11.72 11.76 11.8 11.84 



Figure 4. Differential branching ratios for i? -^Tt^Tt K vs. 
i. The curves (a), (b), (c) are d(B)(NR)/ds, rf(B)/rfi +t/(B)/di-, 
d{B) / ds — dl^) / ds against the two-pion invariant mass squared 
s, for the non resonant, CP symmetric and CP antisymmetric dif- 
ferential branching ratios respectively. 
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and r = 3.4 X 10"^ P = 3Jx lO-\ ly = -2.1 x lO^^ 
,/2 = -7.4 X IQ-^ This gives BR(B- K-K+K-)nr = 
2.53 X 10^^ for the non resonant B K K^K decay. 
The CP asymmetry of the total decay rate is given by 



A'2 + cos jNi ' 

where A^i =-3.0x \Q-^,N2 = 16.4 x 10"^ , = -8.6 x 
10-5 for B -> n+n-R- and Nx = -1.5 x 10"^ N2 = 
8.2 X 10"^ A^3 = -4.2 X 10^5 for B K+K K . and 
the total integrated asymmetry is then 

A{B- -> n+n-R-) = -0.20 

A{B- K+K-R-) = -0.20 (23) 

Since < 04 >nr=< 0\ >„!■ and < >nr is proportional to 
< Oi >nr the above results for the non resonant CP asym- 
metry are essentially independent of the form factors w+ 
and For the partial width CP asymmetry integrated 
over the the Xm mass region, we find 

Ap(B± ^/:±;r+;/r") =7.9sin7/(73- 1.2COS7) 
Ap(B± ^iT^iir+ii:-) =7.2sin7/(41 -5.6COS7) (24) 




11.48 11.52 11.56 11.6 11.64 g11.68 11.72 11.76 11.8 11.84 
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